In the dioecious plant M. annua, sex differentiation is controlled by three independent genes (A, B,, B2), the genes for sex determination. Gene A, when dominant and associated to B, and/or B2 induces strong, intermediate or weak maleness. Femaleness results from the recessivity of a alone or from the recessivity of both b genes. The various alterations of the sporogenous tissues producing stamen sterility are controlled by the various combinations of three other nuclear genes (I, R1, R2) interacting with a maternal factor (S cytoplasm). The hypothesis that these six loci and the cytoplasmic factor involved in these organogeneses might control the phytohormones inducing the specific gene expression (mRNAs [9] , enzymes [ 15] , tRNAs [ 19] ) characterizing these phenotypes has been proposed (20) . In order to demonstrate the first part of this hypothesis and study the genetic control of phytohormones inducing normal or sterile reproductive organogeneses, two essential requirements have to be combined: (a) possession of pure genotypic strains: homozygous and heterozygous combinations for sex and sterility genes with a high degree of purity of their genetic background; (b) the use of methods as precise and unambiguous as possible such as physicochemical methods for detection, identification, and measurement of phytohormones from these genotypes.
ABSTRACr
In Mercunialis annua L. (2n = 16) genes for sex determination are considered as major regulator genes controlling stamen and ovary development and sexual phenotypes. After stamen induction, sterility determinants control sporogenous tissue and pollen formation. Moreover, exogenous auxins are able to induce male flowers on female plants. In order to verify if sex and sterility genes have an effect on indole-3-acetic acid (IAA) contents of these plants, various wild or genetically constructed strains were assayed. The IAA levels of their apices were determined by HPLC followed by gas chromatography, selected ion monitoring, mass spectrometry. Results show that high auxin levels are linked to male phenotypes. The genes inducing maleness and the determinants of restored male fertility appear to control and modulate the IAA content. Close correspondence between the number of these dominant genes and IAA levels was established. A fmal hypothesis about the control of sexual specialization by phytohormones induced by the presence of these genes is discussed.
Several higher plants, such as Mercurialis annua L. (2n = 16) show segregated sexes. The vegetative organs of both sexes generally develop quasi identically except for some secondary sexual characters, but the development of reproductive organs differs greatly. In animals and plants, the mechanism of sex determination is thought to control the development ofeither the female organs (ovaries in plants) or male organs (stamens) and the secondary sexual characters in individuals of each sex (2, 12, 20, 24) . A large number of publications dealing with the experimental control of sexual expression in such dioecious plants is available (review Ref. 1 1) . Sex expression agents are often growth regulators administered to entire plants or added to synthetic media for in vitro cultures of flower buds or nodes. In M. annua, the individuals of both genetic sexes can be induced to produce sexually opposite phenotypic flowers subsequently to phytohormone treatment: the application of exogenous cytokinins to genetically male plants causes the staminate flower primordia to develop into female flowers; inversely, the male program can be induced and expressed by the development of stamens in genetically female plants treated by exogenous auxin (4) . At the beginning of cytokinin sprayings on male plants, just before the appearance of normal female flowers, the development of semisterile then sterile male flowers can be induced, it seems, therefore, that the same kind of phytohormonal balances are implied in the expression of sterility and of normal sex.
In the dioecious plant M. annua, sex differentiation is controlled by three independent genes (A, B,, B2), the genes for sex determination. Gene A, when dominant and associated to B, and/or B2 induces strong, intermediate or weak maleness. Femaleness results from the recessivity of a alone or from the recessivity of both b genes. The various alterations of the sporogenous tissues producing stamen sterility are controlled by the various combinations of three other nuclear genes (I, R1, R2) interacting with a maternal factor (S cytoplasm). The hypothesis that these six loci and the cytoplasmic factor involved in these organogeneses might control the phytohormones inducing the specific gene expression (mRNAs [9] , enzymes [ 15] , tRNAs [ 19] ) characterizing these phenotypes has been proposed (20) . In order to demonstrate the first part of this hypothesis and study the genetic control of phytohormones inducing normal or sterile reproductive organogeneses, two essential requirements have to be combined: (a) possession of pure genotypic strains: homozygous and heterozygous combinations for sex and sterility genes with a high degree of purity of their genetic background; (b) the use of methods as precise and unambiguous as possible such as physicochemical methods for detection, identification, and measurement of phytohormones from these genotypes.
The present report is a comparison of auxin contents (determined by HPLC followed by GC-SIM-MS') in young apices of several genotypes of M. annua. The regulation of the auxin content by genes controlling the normal or sterile male reproductive development and considered as major regulatory genes is discussed. (8, 22) ; used as internal standard for GC-SIM-MS, the ions generated by d3-LkA are remote from natural IAA ions and the background near these ions is quite low. Commercial IAA, also used as standard in some experiments, was purchased from Sigma.
MATERIALS AND METHODS
Extraction and Priication. The extraction and purification methods are summarized in Table II . The first steps of solubilization of fresh apices (0.5 cm long) ( Table II, [1] [2] [3] [4] [5] were derived from the method described by Caruso et al. (3) . The internal standaids added (Table II, GC-SIM-MS/Computer System. The sample was dissolved in a 10 ,u mixture ofMSTFA and pyridine (2/L, v/v + 1% TMCS). Silylation of both carboxyl and indolylic nitrogen of IAA occurred after 30 min at 80C. The sample was immediately injected into a LKB 9000 S gas-chromatograph-mass spectrometer. The silanized column was packed with 1% SE 30 silicone; (GC conditions: electron impact ionisation 70 eV; injector temperature 250C, helium flow 20 ml/min). More recently, for samples supplemented with the labeled standard, they were deposited on the moving needle of a ROS silanized glass injector, fitted to a capillary fused silica column which gave an increase in chromatographic resolution and spectral sensitivity (SE30 1 ,um, diameter 0.53 mm, 0.3 bar pressure, temperature program 3C min-' from 155C to 250'C). During the GC run, a mass spectrum was obtained every 4 s and stored after data reduction by the computer (PDP 11 E 10 LKB 2130 interface). The spectra of all extracted products were recorded. The gas chromatography/mass spectrometry/computer system has been previously used for cytokinins by Champault et al. (6) . The same method was used for identification of IAA from the various extracts. IAA was detected among these products by monitoring of characteristic ions after comparison with a 200 ng IAA standard: the group of silanized ions at m/z 202, M/Z 319 (molecular ion), and m/z 304 were chosen as characteristic for unlabeled standard and endogenous IAA. The characteristic ions for deuterated IAA were chosen from the group of ions at m/z 207, M/Z 324 (molecular ion), and m/z 309 with decreasing intensities in the spectra. Absolute intensities of all the ions of a spectrum were directly given by the computer in numerical table forms. Replicate running of identical samples of unlabeled standard TMS- Figure 1 , A and B. With the second gradient (10-50% methanol in 0.1 M acetic acid), (Fig. 1B) a better base line was obtained and the standard IAA peak (Fig. 1 B) , as well as the peaks of the endogenous IAA (male, Fig. IC; female, Fig. 1D ), were well separated; the IAA peak from the male extract was higher than that of the female (fresh weight 33 and 36 g, respectively, in this example). This degree of purification was never reached without previous purification steps, particularly the PVP step recommended by Loomis and Bataille (18) and Rademacher and Graebe (25) . The other purification systems assayed, especially the Sep-pack cartridge, were less efficient (21 % yield). With the method described in Table II , the separation seemed adequate to allow further quantification by GC-SIM-MS.
At first, the mass spectra of unlabeled standard IAA alone ( Fig.  2a) and those of endogenous IAA extracted from wild male and female plants devoid of internal standard (spectra not shown) were obtained. For the unlabeled standard, the ions at m/z 202, M/Z 319, and m/z 304 were in typical proportionate intensities in both the registered spectrum number 192 and in the corresponding ion chromatograms (Fig. 2A) from the differences observed between the obtained amounts and those of the same extracts deprived of standard (Table III We describe the calculations for one of the male strains (resistant male K2-2: A/A, BI/b1, B2/b2, Fig. 3a ) and for one of the female strains (female N,: A/A, b1/b1, b2/b2, Fig. 3b ). The selected ion chromatographic curves (Fig. 3, A and B (Fig. 2, a and b) first experiment shows that a high auxin level was linked to the male organogenesis and to the male phenotype.
The next strains chosen in our study were a male (12-6) and a female one ( 9_5) with absolute genetic identities (nearly isogenic lines); they only differed by the sex determination genes, possessed the same sterility determinants (nuclear and cytoplasmic), the same genetic background, and were descents from the same parents (Table I) . These constructed strains bear either normal fertile male flowers producing 100% fertile pollen (restored male) or normal female ones producing normal seeds. In the present state of our genetic data (20) , their sexual genotype was not completely determined but we knew that the male strain possessed the association A and one of the B genes (B1 or B2) contained the genes for restored male fertility (I, RI, R2) and the S cytoplasm. It is the only female strain that can easily be masculinized by IAA sprayings (10-' g/L) in vivo; cultivated in vitro, in the presence of 2,4-D, the pollen production is sufficient and allow to realize self-fertilizations ofthe strain 19-5 or crosses with other females (N, for example). Viable seeds are produced. (E, stamens ofa newly appeared male flower; C, normal carpel of a female flower, Photo Amin Gendi.) strain contained less auxin than the male one. The experiment showed that with the same genetic background, the male determinants controlled the high level of IAA and the male organogenesis: male sex genes, auxin, and stamenogenesis were linked.
In order to determine the effect of the various sex genes, four other strains possessing the same genetic background and only differing by the number of sex genes in the dominant state were used for measurements. Here also the female strain (N1) only possessing the homozygous dominant A gene was the poorest (33, 31; 80 ng isotopic dilution). The strong male strain, resistant to kinetin feminization was the richest (173 ng, 175 ng, 335 ng). This strain possessed not only A but also both B genes in the dominant state. The moderate male strain, feminized up to 30% by kinetin treatment, possessed A and B, in the dominant state and contained 90, 94, 242 ng IAA. The weakest male (A + B2), easily feminized by kinetin was poorer in its endogenous auxin than the moderate male. The association ofA + B, genes induced a higher IAA content than the association A + B2; when the three genes for maleness were present the endogenous auxin is the highest. Finally, when we compared the auxin levels of three male strains possessing various nuclear sterility determinants, but the same S cytoplasm, and the same genetic background, the following results were obtained. The restored fertile male strain with the sterility inducer I and both restores (RI + R2) presented the highest content (203, 200, 385 (10) . Genetic data also support the results of this paper: the fertility restoring power of strong males (crossed with total sterile male feminized by BAP) is higher than that of the weakest male (21) . These genetic data also indicate that the systems of sex determination and fertility-sterility determination are interacting and implied in the same phytohormonal balances (cytokininauxins) inducing the corresponding reproductive organs. From the results of the strains 19-5 and 126 possessing the six loci and the S cytoplasm, we observed that the sterility-fertility determinants modify the endogenous IAA content, not only in the male strain, but also in the female (compare with the wild female or the female N1, Table III [10] ); thus, the IAA measurements are the resultant from these genotypes and especially from the conditions (particularly illumination) under which these genotypes grow (physiological phenotype).
The second case refers to the 'abnormal' female 19-5 versus other normal male genotypes. This 'abnormal or not natural female' is the first female that could be masculinized in vivo (Fig.  4) . Its IAA level is particularly high, but its masculinizing incidence on morphogenesis is probably reduced by a higher cytokinin content previously observed in all the males bearing sterility determinants or by the absence of the male sex genes. Normally, it does not bear male flowers and just reacts as a weak female. Nevertheless, these observations show that endogenous IAA by itself cannot induce a given morphogenesis (IAA increase also observed in unorganized tissue strains derived from the strong male genotype comparatively to the female tissue strain [5] ); morphogenesis will occur only if the phytohormone can 'derepress' the specific genes expressed in this morphogenesis, at the right place and right time (spatiotemporal regulation). In fact, we have not reported here any results about the molecular basis for sexual or male sterility specializations. Our starting point was simply that both sexes (or male sterile/male fertile stamens) exhibit different morphological phenotypes under control of sex or sterility determinants. These macroscopic differences ultimately result from RNAs and proteins specific for the expression ofeach hormone-dependent pattern (7, 9, 15, 19 (2, 14, 24) , in fungi and algae (12, 16, 28, 29 
